Multiband Orthogonal Frequency Division Multiplexing (MB-OFDM) approach using UWB signals with short duration of pulses provide unique advantages in short-range high data rate wireless applications which include easy penetration through obstacles, high precision ranging and low processing power. In this paper a performance study on MB-OFDM is attempted for high data rate ultra wideband (UWB) WPAN physical layer standard according to modulation techniques such as QPSK, 16-QAM, 64-QAM etc. Different multipath components in the UWB channels are characterized by different delays and attenuation. The channel models chosen in simulation of MB-OFDM UWB communication system are different from standard UWB channels considering realistic multipath resolution and operating frequencies. In this research different amplitude fading statistics for UWB channel (IEEE 802.15.3a) are analysed. The BER performance of MB-OFDM UWB on modified UWB channel models are investigated through simulation study. It is observed that QPSK modulation for the MB-OFDM UWB system performs better than 16-QAM and 64-QAM in the CM3 (NLOS) and CM4 (NLOS) channel environment. We show that, at low data rate (55 Mbps) the MB-OFDM system performs better in the CM4 channel environment than in the CM3, CM2 and CM1 channel model due to its inherent frequency diversity. In high data rate (480 Mbps), the BER performance in CM1 channel model is found to be better than in CM2, CM3, CM4 channel model.
INTRODUCTION
In 2002, the Federal Communications Commission (FCC) allocated a large spectral mask from 3.1 GHz to 10.6 GHz for unlicensed use of commercial UWB communication devices [1] . Since then, UWB systems have gained high interest in both academic and industrial research community.UWB was first used to directly modulate an impulse like waveform with very short duration occupying several GHz of bandwidth [19] . Two examples of such systems are Time-Hopping Pulse Position Modulation (TH-PPM) introduced in [2] and Direct-Sequence UWB (DS-UWB) [3] . Employing these traditional UWB techniques over the whole allocated band has many disadvantages including need for high complexity Rake receivers to capture multipath energy, high speed analog to digital converters (ADC) and high power consumptions. These considerations motivated a shift in UWB system design from initial "Single-band" radio that occupies the whole allocated spectrum in favor of "Multi-band" design approach [4] . "Multibanding" consists in dividing the available UWB spectrum into several sub-bands, each one occupying approximately 500 MHz. By interleaving symbols across different sub-bands, UWB system can still maintain the same transmit power as if it was using the entire bandwidth. Narrower sub-band bandwidths also relax the requirement on sampling rates of ADCs consequently enhancing digital processing capability. Multiband-OFDM (MB-OFDM) [5, 6, 16] is one of the promising candidates for PHY layer of short-range high datarate UWB communications. It combines Orthogonal Frequency Division Multiplexing (OFDM) with the above multi-band approach enabling UWB transmission to inherit all the strength of OFDM technique which has already been proven for wireless communications (ADSL, DVB, 802.11a, 802.16.a, etc.) [17] . The rest of the paper is organized as follows. In Section 2 MB-OFDM system and OFDM modulator are introduced. Section 3 discusses modified UWB (IEEE 802.15.3a) channel model. MB-OFDM system and performance analysis is discussed in section 4. Section 5 concludes the paper.
MB-OFDM System
The multi-band OFDM system is an OFDM solution proposed for the UWB WPAN physical layer standard [5] . In that proposal, the whole available ultra wideband spectrum between 3.1-10.6 GHz is divided into several sub-bands with smaller bandwidth. Figure. 1 shows the band planning for the multiband OFDM system. In each sub-band a normal. In the current proposal, there are four groups of 3-band systems to support 4 independent piconets. The main difference between the multiband OFDM system and other narrowband OFDM systems is the way that different sub-bands are used in the system. The transmission is not done continually on all sub-bands. Rather, it is time multiplexed between different bands in order to use a single hardware for communications over different sub-bands. Different patterns of sub-band switching can be chosen in order to support more piconets operating in the same environments. Figure.2 shows the structure of a multi-band OFDM transmitter and receiver. The system looks like a normal OFDM system except that the carrier frequency changes from symbol-to symbol according to a sub-band hopping scheme. The convolutional code with interleaving is used to combat multipath fading. The main idea of the MB-OFDM is that the high rate serial data stream is converted into the N parallel low rate data stream in order to combat the frequency selective fading prevent inter-carrier-interference (ICI) while avoiding adopting the complex MIMO-EQ at the receiver [15] . In addition, the ISI also can be efficiently eliminated by adding a cyclic prefix(CP) of duration longer than the anticipated delay spread of the channel. Information is transmitted using OFDM modulation on each sub-band and different types of conventional modulation techniques, such as QAM, QPSK can be adopted within each sub-carrier. OFDM carriers are efficiently generated using a 128-point IFFT/FFT. The OFDM modulation is performed by an inverse fast Fourier transform (IFFT) and a cyclic prefix (CP) is added to cancel inter-block interference (IBI) and inert-channel interference (ICI). A guard interval of silence is also added to allow the transmitter and receiver to switch from one sub-band to another. The signal is then is fed into a D/A converter and sent to the RF section. At the receiver the signal is sampled after down conversion and filtering. Demodulation is performed using a fast Fourier transform (FFT) followed by one-tap frequency domain equalization and decision. A block of transmit data is scrambled, encoded, and interleaved, and modulated to form each OFDM symbol. The MB-OFDM system employs a convolutional encoding with four possible code rates: 11/32, 1/2, 5/8, and 3/4. These code rates are derived from a baseline rate 1/3 encoder with a generator polynomial (133 8 , 145 8 , 175 8 ) and constraint length 7 through puncturing. The interleaving is performed using a three-stage block interleaver. In the first stage, data corresponding to three or six subsequent OFDM symbols are interleaved, and the output is partitioned into three or six blocks. In the second stage, each block of the symbol interleaver output is interleaved separately. In the third stage, each symbol is cyclically shifted by a different amount. The interleaved data are modulated by a Gray-mapped QPSK/QAM. An inverse FFT (IFFT) is performed on a series of modulated symbols to get a series of time domain samples. The total number of subcarriers for OFDM modulation in each subband is 128, among which 100 are dedicated to data subcarriers, 12 to pilot subcarriers, and 10 to guard subcarriers. The guard subcarriers are in two sets of five, one at each end of the OFDM symbol, with the five subcarriers in each set repeating the nearest five data subcarriers. The remaining six subcarriers are nulls over which no signal is transmitted. After the IFFT, a null suffix of 37 samples is attached to the 128 time-domain samples to form a complete OFDM symbol. The resulting OFDM symbol is 165 samples or 312.5 nsec long, and it is transmitted through a subband determined by the FH pattern. Time and/or frequency domain repetitions are also employed in the OFDM symbol level to enhance the performance. 
Implementation of an OFDM Modulator
The more efficient way of implementing an OFDM Modulator is to adopt a digital structure by using the inverse fast Fourier Transform (IFFT) and this way leads to a low system complexity. In the multi-band OFDM systems, Assuming c m a m + jb m indicates the point in the constellation associated with symbol dm , the OFDM signal of modulated is denoted as [17] :
all modulators use the same rectangular shape x(t) of finite duration T .While the corresponding complex envelope is: 
is a periodic function of period T 0 .The simplest way of implementing an OFDM modulator is to adopt a digital structure by using the Discrete Fourier Transform (DFT). The transmission of the OFDM Sequence can be written as:
in which t c is sampling period, so the complex envelop of the OFDM signal can be expressed by samples taken at multiples 
Equation (7) indicates that the samples of the complex envelope of Eq. However, the OFDM signal can easily generated and demodulated digitally using IFFT and FFT. So the IFFT is often exploited for faster and more efficient in practical UWB OFDM systems [9] . After parallel to serial conversion followed by an IFFT operation, a guard interval is added in order to eliminate ISI and ICI, then the resulting OFDM signal passes through the channel. At the receiver, the cyclic prefix is discarded and demodulation is done via FFT.
Modified UWB Channel Model
The amplitude statistics in S-V model are based on Rayleigh distribution, the power of which is controlled by the cluster and ray decay factor. However recent measurements in UWB channel show that amplitudes do not follow Rayleigh distribution rather it follows lognormal distribution [7, 18] . The impulse response of UWB channel can be written as (8) The above channel model is quite general, and it is described for 167 ps multipath resolution or 7.5 GHz bandwidth [20] . In cluster. τ k,l is the delay of kth path within the lth cluster relative to T l . X is the lognormal shadowing term. IEEE 802.15.3a wireless personal area networks, the entire UWB spectrum is divided into "N T " band each with a bandwidth of "B". The multipath resolution and centre frequency for each band is different. So the above multipath UWB channel model is no longer applicable and it has to be resampled with respect to specific UWB pulse shape. An arbitrary realization of the channel can be represented with a finite impulse response filter as [16] , Where α r is the path gain,  = 167 ps is the multipath resolution and N is the maximum delay spread. Assume that UWB pulse within the 2-8 GHz band is x(t); 0 < t < T p . T p is the pulse width. The minimum multipath resolution T p is needed in the receiver to match the received signal. T p tapped delay line channel model for a multipath resolution T p is given as
where β i is the path gain and M T p is the maximum delay spread. When x(t) is passed through the multipath channel in (3), the received signal is
Channel model is modified and it is shown in Figure 3 .From the above figure, the realization of UWB channel model are filtered with a filter x(t) and its matched filter x(Tp − t). A switch is adopted to sample the matched filter signal with a time spacing T p . To compare the difference between modified channel model and the original channel, Eq. (5) can be decomposed as
where α k,l is the multipath gain coefficient of kth ray related to l th cluster. T l is the delay or arrival time of first path of l th . figure 4 , figure 5 , figure 6 and figure 7. The power delay profiles for CM1, CM2, CM3 and CM4 are plotted in figure 8, 9, 10 and 11 respectively. 
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MB-OFDM Performance in Different Channel Scenarios
In our simulation data-rate (200 Mbps) mode, the performance of MB-OFDM UWB system is investigated using three modulation techniques (QPSK/16QAM/64QAM) using the simulation parameter of Table II . A 128 point IFFT/FFT is used along with a short cyclic prefix (CP) length of 60.6 ns. Also, an additional guard interval of 9.5ns is added to allow the transmitter and receiver to switch from one sub-band to another. This results in a total OFDM symbol duration of 312.5 ns occupying 528 MHz which is sent through the UWB channel. In this section the performance of the MB-OFDM based PHY layer is evaluated over different modified realistic indoor UWB channel scenarios as defined in the previous subsection. This mode employs three subbands of 528 MHz (3.1-4.684 GHz). All simulation results were obtained using a transmission of at least 500 packets with a payload of 1024 bytes each. The BER curve is given by equation (13) and (14) .
Here for M-QAM, A is the impulse index. DUR denotes ratio of averaged M-QAM signal power to undesired signal power. These observations were verified by means of extensive simulations over CM3 and CM4 channel model scenarios as shown in figures 13. In CM3 channel model 16-QAM is much better than 64-QAM because it gives 7dB SNR improvement where QPSK provides 6dB SNR improvement than 16-QAM. In CM4 channel model QPSK provides about 6.5dB and 14dB SNR improvement than 16-QAM and 64-QAM respectively at the same BER<10 -3 . . In 200 Mbps mode CM3 performs better than that of CM4 as shown in figure 13 . Interesting performance results were observed for lowest (55 Mbps) and highest (480 Mbps) data-rate mode, in various channel scenarios [21] . The inherent high frequency-selective nature of UWB channels can be exploited in a positive way by using different diversity-combining techniques. This was observed in the most robust mode (55 Mbps), where channel diversity was fully exploited by employing MRC technique. Thus the performance of MB-OFDM(55 Mbps) provides In 480 Mbps mode, the performance in CM3 was found to be better than in CM4. Here at 10 -2 BER floor CM3 gives 2 dB SNR improvements than CM4 channel model as shown in figure 15 . This is due to the absence of time and frequencydomain spreading and low coding rate that prevents the exploitation of channel diversity.
CONCLUSION
Performance study of MB-OFDM system in indoor UWB propagation environment has been carried out in this research. Results were obtained by simulating an MB-OFDM system over various modified realistic UWB channel scenarios using different modulation technique. A more realistic study has bandwidth 528MHz been attempted by using modified channel models. The MB-OFDM UWB performs better using QPSK modulation technique than that of 16-QAM and 64-QAM. The QPSK modulated MB-OFDM UWB performance in CM3 was found to be better than in CM4 channel model. However 16-QAM 64-QAM modulation result in a much more utilization of available spectrum compared to QPSK modulation. By increasing the data rate using same QPSK modulation technique, it can be observed that low data rate system performs better than that of high data rate system. Thus the MB-OFDM performs better in the CM4 channel environment than in the CM1-CM3 channel model for low data rate. In 480 Mbps mode, the performance in CM1 was found to be better than that of CM2-CM4 channel model. Thus it can be concluded that MB-OFDM system provides very good technical solution to be used as UWB PHY layer for shortrange high data-rate wireless applications.
